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3.1 INTRODUCTION 
 
Ultrasonic sensor usually used for distance measurement and obstacles 
detection. This sensor is low cost and suiTable for range up to few metres for 
distance measurement applications. However, this sensor has limitations which 
are wide beam width and sensitivity to the mirror – like surfaces.  
 Despite the disadvantages, there are several applications of these 
sensors such as wireless obstacle detection, collision control and avoidance, 
distance measurement and smart parking system. Each of the applications has 
difference approaches suggested by the researchers. Baharuddin M et al. 
proposed that in order to give a reliable distance measurement, both infrared and 
ultrasonic sensors are used together [1].  
 This paper discussed about four applications of ultrasonic sensors in 
details which are wireless obstacle detection, collision control and avoidance, 
distance measurement and smart parking system. 
 
3.2 PRINCIPLE 
 
Ultrasonic sensor used physical characteristics and several others effects of 
ultrasound of a specific frequency. It transmits or receives the ultrasonic signal 
of a particular strength. These are available in piezoelectric or electromagnetic 
versions. The piezoelectric type is preferred because of its lower cost and easy to 
use.  
 
3.3 LITERATURE REVIEW 
 
3.3.1 Distance Measurement Applications 
 
Measurement by using ultrasonic sensor is the cheapest method among 
others. A. K. Shrivastava et al. proposed a research on distance measurement of 
  
an obstacle by using separate transmitter, receiver and a microcontroller [2]. 
Measurement system uses ultrasonic transmitter and receiver units mounted at a 
small distance between them and also a Philips P89C51RD2 microcontroller 
based system. The principle used was based on the piezoelectric effect.    
Another application used same principle is suggest by Anusha C et al. 
which is collision control and collision avoidance using ultrasonic sensor, as 
shown in Figure 3.1 [3]. Several sensors were implementing in this system 
which able to provide warning to the driver if there are any dangers ahead of the 
road. Ultrasonic sensor is used to measure the distance with another car. Thus, 
the rear end collision can be avoided. 
 
Figure 3.1: Working principle. 
 
 
3.3.2 Ultrasonic Object Detection 
 
This concept is mostly used for application of ultrasonic sensor as it is 
the most useful. Applications used this concept such as smart parking system, 
and wireless obstacles detection system. 
Baharuddin M et al. proposed that to build a wireless obstacles 
detection system, ultrasonic (Maxbotics LV EZ1) and infrared (Sharp 
GP2Y0A02YK0F), sensors were chosen due to their ability such as high 
resolution, robustness, lightweight and low cost [1]. Figure 3.2 shows the 
measurement technique.  If this device compared to other imaging system, it 
provide a better cost – performance ratio. The principle used in this application 
is ultrasonic measurement where when ultrasonic sensor radiates a pulse signal 
to the object and then receives a reflection signal back to the sensor. Distance 
can be measured by calculate the reflection time interval between target and 
sensor.  
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Figure 3.2: The ultrasonic measurement technique. 
 
Next, Amin K et al. (2012) suggest smart parking system by using 
ultrasonic sensor based on detection principle. There are two type of detection 
technology which are vision – based and sensor – based. Vision – based 
method use closed – circuit television (CCTV), one camera is responsible for 
more than one parking space and to detect parking status by using image 
processing software as shown in Figure 3.3. However, sensor based use one 
sensor for each individual parking space. Ultrasonic sensor transmits sound 
waves between 25 kHz and 50 kHz. They analyses the reflected energy to 
detect the status of parking space. The head of an ultrasonic vehicle detection 
sensor emitted ultrasonic waves every 60 milliseconds, the time differences 
between the emitted and received signal indicate the presence or absence of 
the vehicles. Besides, ultrasonic sensor also can be used for counting vehicles 
and assessing the occupancy status of each parking space.  
 
 
 
Figure 3.3: Ultrasonic sensor works. (Amin K et al., 2012) 
 
3.4 RESULT OUTCOME 
 
3.4.1 Distance Measurement Applications 
Research done by A.K. Shrivastava et al. (2010) observed that there is 
considerable error in the measured distance compared to the actual distance. 
Experimental result shows that error large at lower distance of the obstacles. 
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 Errors found in the experimental result are due to several factors. The most vital 
factor is the inclusion of generation and processing time of burst pulse signal.  
 
Table 3.1: Experimental result. (A.K. Shrivastava et al., 2010). 
 
  
Next, collision avoidance by Anusha C et al. (2015) is assembled on a 
single board and each of the parameters of prototype is differ. As for ultrasonic 
sensor, the output displayed on LCD screen. If the distance is less than threshold 
value the automatic brake is applied by microcontroller. 
 
3.4.2 Ultrasonic Object Detection 
Paper by Baharuddin M. et al. (2013) indicates the result of ultrasonic 
sensor performance for different type of obstacles colors. As shown in Figure 
3.4, the output voltage of the sensor is proportional to the distance of the 
obstacles. Thus, a linear curve characteristic is obtained from the measured data. 
Based on the results, it can be observed that there is a small difference between 
the measured distance and actual distance. The percentage difference increase 
most at the longer distance of obstacles.  
 
 
Figure 3.4: The comparison between actual distance and measured distance. 
(Baharuddin M. et al., 2013) 
 
 Lastly, research done by Amin K. et al. showed a prototype of a 
complete architecture smart parking system (SPS) [4]. In developing SPS 
architecture, several pieces are required such as ultrasonic sensors, LED 
indicators, indoor display boards, outdoor display board(s), zone control unit 
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(ZCU), central control unit (CCU), network switch, telephone cable and 
management software, as shown in Figure 3.5. 
 
 
Figure 3.5: The complete SPS architecture. 
 
3.5 CONCLUSION 
 
Ultrasonic sensor widely used for detection and distance measurement. 
Various applications used this sensor for that purpose in developing it such as 
wireless obstacle detection, collision control and avoidance, distance 
measurement and smart parking system. Although this sensor has limitations 
which are wide beam width and sensitivity to the mirror – like surfaces, 
researchers successfully suppress it in order to complete their research. 
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